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termini of a double-stranded oligonucleotide, the Pd 2+ chelates provided dramatic stabilization of the duplex relative to its metal-free counterpart, in all likelihood owing to formation of Pd 2+ -mediated base pairs between pyridine-2,6-dicarboxamide and the opposing nucleobase. In contrast, no stabilization was observed when the Pd 2+ chelate was placed in the middle of the chain.
Furthermore, the results could not be reproduce by adding a Pd 2+ salt in situ to the dilute oligonucleotide solutions but the palladated oligonucleotides had to be synthesized and purified prior to the hybridization studies. This behavior, presumably attributable to the relatively slow ligand-exchange reactions of Pd 2+ , differs greatly from what is usually observed with more labile metal ions. The present results offer an explanation for the failure of previous attempts to incorporate Pd 2+ -mediated base pairs into oligonucleotides.
Introduction
Metal-ion-mediated base pairing of nucleic acids has been studied extensively for more than a decade owing to its potential in DNA nanotechnology and in expanding the genetic alphabet. [1] [2] [3] [4] [5] [6] [7] [8] [9] So far, the most promising results have been obtained with the kinetically labile Ag + , Hg 2+ or Cu 2+ as the bridging metal ion. For expanding the range of applications of metal-ion-mediated base pairing to chemotherapy, however, the low intracellular concentrations of these metal ions present a severe limitation. DNA cross-linking by the kinetically inert Pt 2+ , in turn, is a widely employed strategy in cancer chemotherapy [10] [11] [12] but suffers from low sequence-specificity. Oligonucleotides capable of metal-ion-mediated hybridization even under the metal-deficient conditions of the cell would offer an elegant solution to this problem.
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3 Along with Pt 2+ , Pd 2+ appears an ideal candidate for metal-ion-mediated base pairing. Both of these metal ions prefer nitrogen over oxygen ligands and form highly stable square-planar complexes that are compatible with the steric requirements of the base stack of a double-helical nucleic acid. At monomeric level, several Pd 2+ -mediated base pairs have been described in the literature. [13] [14] [15] [16] [17] [18] [19] In fact, the very first artificial metal-ion-mediated base pair was formed through coordination of Pd 2+ . [20] Incorporation of a Pd 2+ -mediated base pair into an oligonucleotide, however, remains to be convincingly demonstrated. The apparent discrepancy between the results obtained at monomer and oligomer levels may be understood in terms of the relatively slow ligand exchange reactions of Pd 2+ . A double-helical oligonucleotide presents many potential donor atoms and a Pd 2+ ion introduced in situ may well remain kinetically trapped at a nonproductive binding site.
In this article we present compelling evidence for Pd 2+ -mediated base pairing within an oligonucleotide. K 2 PdCl 4 was allowed to react with short glycol nucleic acid (GNA) oligonucleotides incorporating a single high-affinity ligand. The GNA backbone was chosen as a test bed because of the relatively easy and facile synthesis of modified GNA building blocks. The metallated oligonucleotides were purified by RP HPLC before hybridization experiments. Coordination of a single Pd 2+ ion by the modified oligonucleotides was verified by mass spectrometric analysis.
Thermal melting studies with these oligonucleotides revealed the Pd 2+ -mediated base pair to be better tolerated in a terminal than in an internal position.
Results and discussion

Building block synthesis
The GNA phosphoramidite building blocks of the four canonical nucleobases were prepared as described previously. [21] [22] [23] For preparation of a respective building block of the metal-ionchelating residue (1), the phenolic OH function of diethyl 4-hydroxypyridine-2,6-dicarboxylate was pointing out that GNA oligonucleotides with free OH termini will undergo cleavage under these conditions. < Scheme 1 >
Preparation of solid supports for the synthesis of GNA oligonucleotides
For immobilization on solid support, protected GNA counterparts of the canonical 2´-deoxynucleosides were first succinylated by treatment with succinic anhydride in anhydrous pyridine (Scheme 2). The crude products were then attached to long chain alkylamine-functionalized controlled pore glass (LCAA-CPG) by conventional HBTU-promoted peptide coupling. Based on trityl response on treatment with 3% dichloroacetic acid in CH 2 Cl 2 , loadings of the solid supports thus obtained were found to be in the typical range (30 -50 μmol g -1 ).
< Scheme 2 >
Oligonucleotide synthesis
The oligonucleotides (Table 1) were assembled by an automated synthesizer on a CPGsupported succinyl linker. Standard phosphoramidite strategy with 300 s coupling time (with 5-benzylthio-1H-tetrazole as the activator) was used throughout the sequences. Based on the trityl A C C E P T E D M A N U S C R I P T 
ON1 had been converted nearly quantitatively to products of lower mobility (Fig. 1 to either of the starting oligonucleotides. In fact, hardly any unreacted ON2 could be detected in the product mixture. When small volumes of the mixture were injected, the areas of the two peaks were approximately equal but upon injection of larger volumes the first peak grew at the expense of the second one (chromatograms presented as supporting information). Evidently the two peaks represented two compounds in equilibrium and increasing the concentration shifted this equilibrium
to favor the faster-eluting compound. The most likely explanation for such behavior is that the first peak, eluting faster than either ON2 or ON3, corresponded to a heterodimer of these oligonucleotides. This interpretation was confirmed by reinjection of the collected peak -in this chromatogram, peaks of the fast-eluting product and oligonucleotide ON3, but not ON2, were detected ( Fig. 3D ). The absence of the peak of ON2 could be explained if ON2 eluted as the Pd 2+ complex ON2:Pd and the retention time of this metallo-oligonucleotide was very similar to that of the heterodimer product. Attempts to desalt the product fraction were unsuccessful, presumably due to denaturation of the ON2:Pd:ON3 duplex and subsequent loss of the bridging Pd 2+ ion at the low ionic strength employed. A small sample was, however, treated as described above for ON1 2 were obtained, the T m being 45.9 °C for ON1 2 and 36.3 °C for ON2:ON3 (Fig. 4) . The palladated duplexes, on the other hand, behaved quite differently: the melting temperature of ON1 2 :Pd 2 was too high to be determined whereas with ON2:Pd:ON3 no stabilization over ON2:ON3 was observed.
Similar results have previously been obtained with 2´-O-methyl-RNA oligonucleotides incorporating 
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Secondary structure of the modified oligonucleotide duplexes
To probe the secondary structure of the modified duplexes and the possible changes 
Experimental part
. General
Preparation of the GNA phosphoramidite building blocks of the four canonical nucleobases has been described in the literature. [21] [22] [23] The other reagents were commercial products that were used as received. Solvents were dried over 3 Å molecular sieves and trimethylamine over calcium hydride. UV-vis spectrophotometer. CD spectra: Applied Photophysics Chirascan spectropolarimeter. 
Syntheses
Diethyl (S)-4-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]pyridine-2,6-dicarboxylate (2). 4-
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(S)-1-[(4,4´-Dimethoxytrityl)oxy]-3-{[2,6-bis(ethoxycarbonyl)pyridin-4-yl]oxy}propan-2-yl (2-
cyanoethyl) diisopropylphosphoramidite (4). Compound 2 (0.61 g, 1.73 mmol) was dissolved in a mixture of 37% aq. HCl (0.40 mL), MeCN (4.0 mL) and water (4.0 mL). The mixture was stirred at room temperature for 16 h, after which it was evaporated to dryness. The residue was coevaporated from toluene (10 mL) and anhydrous pyridine (3 10 mL) and finally redissolved in anhydrous pyridine (10 mL). 4,4´-Dimethoxytrityl chloride (0.65 g, 1.9 mmol) was added and the resulting mixture stirred at room temperature for 16 h, after which it was concentrated under reduced pressure. The oily residue was diluted with CH 2 Cl 2 (100 mL) and washed with saturated aq. NaHCO 3 (100 mL). The organic layer was dried with Na 2 SO 4 and evaporated to dryness. The crude product Attempts to desalt ON2:Pd:ON3 were unsuccessful. For characterization, a small sample was treated as described above for ON1 2 :Pd 2 and analyzed by ESI-MS (data presented as supporting information). Oligonucleotides ON2, ON3 and ON2:Pd were detected, consistent with formation of the desired structure ON2:Pd:ON3. Table 1 Structures of the GNA oligonucleotides used in this study. 
(S)-1-[(4,4´-Dimethoxytrityl)oxy]-3-[(2,6-dicarbamoylpyridin-4-yl)oxy]propan-2-yl (2-
cyanoethyl
